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S eptic arthritis presents with joint pain, swelling, warmth, and restricted movement in 78% to 85% of cases and accounts for 10% to 27% of acutely swollen joints. 1, 2 However, the differential diagnosis of an acute, atraumatic joint effusion is broad and includes gout, rheumatoid arthritis, reactive arthritis, exacerbation of osteoarthritis, and Lyme disease, among others. Furthermore, each of these conditions has their own distinct therapy, which often does not include surgical intervention. For those with septic arthritis, surgical irrigation and debridement combined with antibiotics should be started immediately to reduce the potential morbidity and 7% to 11.5% mortality rate associated with septic arthritis. [3] [4] [5] A delay in time to surgical intervention has been correlated with the number of surgeries required to eradicate the infection and with functional outcome. [6] [7] [8] Therefore, prompt recognition of a septic joint can reduce potential joint destruction and limit the number of unnecessary surgeries in aseptic effusions.
Currently, clinical findings, such as acute-onset effusion, pain, decreased range of motion, and fever, raise suspicions for a septic joint and often prompt serological and synovial fluid analysis to confirm the diagnosis. Elevated serum white blood cell (WBC) count and erythrocyte sedimentation rate (ESR) as well as synovial WBC counts greater than 50,000 cells/mm with a 90% or greater polymorphonuclear cell ratio are commonly used parameters to suggest the presence of infection. 1, 2 However, many studies have demonstrated the lack of sensitivity and specificity of each parameter. 2, 3, 8, 9 Multiple reviews have concluded that accurate diagnosis of septic arthritis relies more on the acumen of the experienced physician than any single laboratory marker. 2, 10 In addition, most studies have limited exclusion criteria (ie, patients with recent joint infections and previous surgery involving the affected joint) and contain study populations, such as those with prosthetic implants in the affected joint, that are analyzed and treated differently from those with a native joint.
Therefore, the goal of the current study was to predict the presence of septic arthritis in those with a high index of suspicion for infection despite no organisms on initial Gram stain. The study sought to examine (1) which markers differentiate a culture-positive septic joint from culturenegative effusion in patients suspicious for infection despite no growth on Gram stain and without previous surgery in the affected joint and (2) whether threshold values of these markers exist that predict septic arthritis.
Materials and Methods
This study was approved by the authors' institutional review board.
A Only codes involving the shoulder, elbow, wrist, hip, knee, and ankle were considered. Patients were selected for the study if they underwent operative irrigation and debridement and met the other inclusion criteria: (1) age older than 18 years at surgery, (2) chief complaint of an acutely swollen or painful joint, and (3) no organisms on initial Gram stain. Exclusion criteria included (1) lack of serum inflammatory markers or synovial fluid aspirate, (2) antibiotic use within 1 week of presentation, (3) laceration or wound including or adjacent to the affected joint, (4) history of recent trauma to the affected joint, (5) local skin infection, (6) history of joint infection, or (7) previous surgical intervention involving the affected joint. Several clinical, serological, and synovial parameters were collected for each patient who qualified ( Table 1) .
Statistical analyses were conducted in 2 stages. First, a t test (assuming unequal variances for each group) was used to compare variables between culture-positive and culture-negative groups. Second, the Bonferonni correction was applied to each P value to hold the overall type I error rate (false-positive rate) at 5%. Only the following continuous variables were ana- 
results
A total of 1906 patients underwent operative joint irrigation and debridement during the study period. After reviewing inclusion and exclusion criteria, 17 patients were found to be suitable for the study. The study cohort included 12 men and 5 women with a mean age of 60.4 years (range, 25-92 years). The culture-positive group comprised 8 patients, and the culture-negative group comprised 9. Average temperature at presentation was 37.2°C (range, 35.6°C-39.4°C). The knee was affected in 7 patients, the elbow in 4, the ankle and shoulder in 2 each, the hip in 1, and both the elbow and knee in 1. Average delay from presentation to surgical intervention was 0.93 days (range, 0-4 days). Three patients, including 2 in the culture-positive group, received a corticosteroid injection in the affected joint, whereas 1 of the 2 patients with rheumatoid arthritis (both in the culturenegative group) were taking methotrexate. The culture-negative group included 3 patients with diabetes mellitus vs 1 in the culture-positive group. One patient reported chronic ethanol abuse, and no patient was an intravenous drug abuser. Statistical comparisons between culture-positive and culture-negative patients are shown in Table 3 . Serum CRP was the only significantly different variable between the groups after Bonferonni adjustment. Culture-negative patients tended to have smaller serum CRP values than culture-positive patients. Furthermore, serum CRP greater than 10.5 mg/dL appeared to be predictive of infection (Figure) . In identifying joint infection, the sensitivity and specificity of serum CRP greater than 10.5 mg/dL were 75% and 100%, respectively. 
discussion
Differentiating septic arthritis from culture-negative, acute atraumatic joint effusion can be perplexing for the clinician. Multiple studies have attempted to best elucidate risk factors that herald infection, 1, 3, 4, 8, 9 which accounts for 8% to 27% of all acute, painful effusions. 2, 11, 12 Various serum and synovial markers have been proposed as the best indicator for infection. 1, 3, 8, 9 The overall consensus is that, although not perfect, synovial polymorphonuclear cell count greater than 90% and WBC count greater than 50,000/ mm³ are most predictive of infection. 1 However, because of significant overlap in laboratory values among those with a septic joint and those with inflammatory arthritis, 8, [13] [14] [15] most studies conclude that the physician must ultimately rely on clinical judgment to formulate a diagnosis. 6, 7, 14 Although these studies are informative, they are limited by broad inclusion criteria. More specifically, current studies include patients with a low index of suspicion for infection and a previous joint surgery, including total joint arthroplasty, in their analyses. In the current authors' experience, many patients present with an acutely swollen knee, a history of similar episodes due to an underlying disease such as gout, and no significant signs or symptoms of infection. Thus, these patients have a low suspicion for infection and do not create as difficult a diagnostic dilemma. However, patients who have undergone previous surgery on the affected joint are often treated with a higher-than-normal index of suspicion for infection. Despite being considered by most surgeons as a different cohort from those with native joints, patients with prosthetic joints accounted for 38% of patients in studies examining septic arthritis. 4 Furthermore, patients with previous joint replacements may present differently and have a different treatment algorithm. Much research has been devoted to diagnosing infection in the cohort with a prosthetic joint, [16] [17] [18] [19] whereas none is available in an exclusively native group. Therefore, the current study sought to examine a select group of patients: those with a high index of suspicion for infection despite no growth on Gram stain and without previous surgery in the affected joint.
In this study, serum CRP was the only statistically significant variable between culture-negative and culture-positive patients. Culture-positive patients had an almost 4-fold greater serum CRP value than culture-negative patients. More convincing, CRP greater than 10.5 mg/dL appeared to be predictive of infection: 75% of patients with positive cultures and none with negative cultures had CRP values exceeding this threshold.
Other studies have demonstrated that an elevated CRP is a sensitive marker predicting infection, 15, 20 but its use has been limited by a low specificity. Unlike serum ESR and synovial WBC count, which have threshold values widely used to stratify risk of infection, no consensus threshold value for CRP has been determined. 2 Based on these results, CRP greater than 10.5 mg/dL is suspicious for a septic joint and should warrant significant consideration for urgent irrigation and debridement in a native joint.
This study has several limitations. First, the small sample size limited the ability to analyze categorical variables and may raise concerns over the validity of the primary finding. A stringent set of inclusion and exclusion criteria was largely responsible for the limited number of patients. However, the authors decided that these filters were necessary to identify a specific cohort that was incompletely addressed in previous studies. Despite the small sample size, the authors support their findings based on the rigorous method of statistical analysis. The analysis was focused on a small number of continuous variables because the authors thought a priori may be important. They also accounted for conducting multiple statistical tests because the risk of finding false positives increases as more tests are conducted; the Bonferonni correction held the overall risk of false positive at 5%. Second, synovial cultures were selected as the gold standard to identify joint infection, although their sensitivity ranges from 75% to 95%. 5, 11, 14, 21 However, newer methods of identification are not readily available and may not offer major advantages in detecting Staphylococcus or Streptococcus joint infections. 22, 23 conclusion Differentiating patients with septic arthritis from those with culture-negative aspirates in a cohort of native joints with no growth on initial Gram stain can be difficult. Serum CRP level was the only significantly different factor between these 2 groups, which both included patients who were all highly suspicious for infection. A CRP level greater than 10.5 mg/dL should raise serious concerns for the presence of septic arthritis. Further multicenter studies are needed to confirm these findings.
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